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In a continuation of our work on quinones that occur widely in the plant kingdom and that may have biological activities, we have developed a simple and rapid micellar electrokinetic chromatography (MEKC) method to separate and determine furanonaphthoquinones.
HPLC methods for the separation of some naturally occurring furanonaphthoquinones have already been developed. [1] [2] [3] We describe here the development of a simple and rapid method for separating and determining nine furanonaphthoquinones by MEKC using sodium dodecyl sulphate (SDS) in borate buffer containing 10% methanol as the electrolyte. This separation method has also been applied to analyze the extract of Tabebuia impetiginosa (Bignoniaceae) containing cytotoxic furanonaphthoquinones.
4)
T. impetiginosa is the national flower of Brazil and is widespread in Brazil and other South American countries. This plant has been used as a folk remedy for the prevention and treatment of cancer. 5, 6) In the course of our screening for antitumor-active furanonaphthoquinones, it was found that 5-hydroxy-2-(1-hydroxyethyl)naphtho [2,3-b] furan-4,9-dione, 8-hydroxy-2-(1-hydroxyethyl)naphtho [2,3-b] furan-4,9-dione, and 2-(1-hydroxyethyl)naphtho [2,3-b] furan-4,9-dione have selectivity towards antitumor activity compared to normal cells.
7)

Experimental
Materials Naphtho [2,3-b] furan-4,9-dione (1), 2-acetylnaphtho[2,3-b]-furan-4,9-dione (4), and 7,8-dihydroxynaphtho [2,3-b] furan-4,9-dione (8) were synthesized by the application of a tandem-directed metalation on N,Ndimethylbenzamide and 3-furaldehyde. (7) were isolated from the bark of T. impetiginosa.
4)
Procedure for MEKC MEKC analyses were carried out on a Beckman P/ACE System 5000 apparatus (Fullerton, CA, U.S.A.) equipped with a UV detector set at 254 nm and a Beckman untreated fused-silica capillary (570 mmϫ75 mm i.d.; 500 mm effective length).
The analytical conditions were as follows: sampling time-5 s (hydrodynamic mode; 0.5 p.s.i.); applied constant voltage-20 kV; column temperature-20°C. The electrolyte was a buffer solution prepared by mixing 0.09 M boric acid solution with appropriate volumes of 0.09 M sodium tetraborate solution (pH 9) followed by the addition of 0.03 M SDS and 10% methanol. Standard solutions for each furanonaphthoquinone were prepared by dissolving compounds in the electrolyte at a concentration of ca. 10 ppm.
Sample Preparation of T. impetiginosa Extracts Powdered bark (10 g) of T. impetiginosa was exhaustively extracted in a Soxhlet apparatus with chloroform (100 ml) for 10 h. After concentration, the residue was diluted with methanol to 100 ml. This solution was passed through a 0.45 mm filter. After centrifugation, 1 ml of the methanol solution was diluted to 10 ml with borate buffer (pH 9) yielding the sample for MEKC analysis.
Results and Discussion
We have studied the application of MEKC to the isolation of furanonaphthoquinone derivatives, and found that owing to the phenolic (and hence weak acidic) or neutral nature of furanonaphthoquinones, the weak alkaline condition of borate buffer as eluent could give a good resolution. It is well known that when the buffer concentration increases, the electro-osmotic flow decreases, and therefore the migration times increase. In the case of SDS, as the concentration of SDS increased, the migration time increased. The pH dependence of the migration times of 2-methylnaphtho[2,3-b]furan-4,9-dione were examined with 0.03 M borate buffer containing 0.03 M SDS in the pH range 5.5-10. At pH values over 9, the migration time becomes long; the peak obtained at pH 8 was the sharpest. After examining a series of buffer solutions differing in pH, composition, buffer concentration, and SDS (2) (3) (4) (5) (6) (7) (8) (9) . Under the same conditions, the peaks of 1 and 7 overlapped, but increasing the pH to 9 gave good resolution. Figure 1 shows the electropherogram of a mixture of nine furanonaphthoquinones, and all components were well separated. In the separation of these furanonaphthoquinones, although the hydrophobic interaction with micelles is the main factor, borate complexation has some effect on the migration order of the molecules. When a hydroxyl group is present at the peri position of the carbonyl group, a strong internal hydrogen bond is formed between the hydrogen of the hydroxyl and the carbonyl group, and therefore the carbonyl can no longer interact with the buffer.
11) The migration time of 7,8-dihydroxynaphtho [2,3-b] furan-4,9-dione (8) is 11.98 min and it is the shortest. This could be explained by borate complexation with an ortho-dihydroxyl group that would provide a negative charge without forming a SDS micell.
The extract solution of T. imptiginosa was analysed with 0.09 M borate buffer (pH 9)-0.03 M SDS-10% methanol and a good result was obtained. An electropherogram of T. impetiginosa extract is shown in Fig. 2 . Among the peaks, 4, 5, 6 and 7 were identified by spiking with those of standards. In the comparison of MEKC with HPLC for the analysis of the extract of T. impetiginosa, MEKC has better resolution for 6 and 7.
For quantitative analysis, the correlations between the peak area and the sample concentrations (5, 6ϩ7) were studied.
The curves (peak-area ratios, Y, vs. concentration, x, mg/ml) were constructed in the range of 5-50 mg/ml for 5 and 1.5-75 mg/ml for [6ϩ7]. The sample (a mixture of 6 and 7) for the calibration graph was isolated from T. impetiginosa, and the mixture could not be resolved by column chromatography (CC) or preparative thin layer chromatography (PTLC), so it was used as a mixture. We confirmed that the ratio of area of 6 and 7 was equal to the ratio of quantity of 6 and 7 by using HPLC analysis 3) (6 : 7ϭ5 : 4). The regression equations of these curves and their correlation coefficients were calculated as follows: 5, Yϭ4947xϩ3391 (rϭ0.997); [6ϩ7], Yϭ137606xϪ365355 (rϭ0.999).
The extraction recovery was tested by adding known amounts of 5 and [6ϩ7]. The recoveries of 5 were 80-92% and that of [6ϩ7] 98-102%.
The reproducibilities, expressed as relative standard deviation (RSD), of this method calculated on the basis of peak area over three replicate injections are shown in Table 1 . For a series of three consecutive injections, the migration time reproducibility for individual compound was between 0.04 and 1.88% RSD. In conclusion, the MEKC described here has proved to be a useful technique for investigating mixtures of furanonaphthoquinones as it is rapid, simple and reproducible. 
